Background: Retirement of surgeons has important workforce implications given the shortage of surgeons throughout the country. Our study was designed to evaluate factors that influence surgeon retirement decisions.
Introduction
Unlike some other professions, surgery has no federally mandated retirement age in the United States, ultimately leaving the decision to retire up to the individual surgeon [1] . Understanding the factors that contribute to the surgeon's decision to retire has important workforce implications given the shortage of surgeons throughout the country [2] . However, the reasons why surgeons decide to retire have not been adequately explored. A few studies report personal health decline and concern with compensation as reasons to retire [3] . One systematic review of retirement planning among all physicians reported the most common retirement age between 60-69 years, with only a minimal number of studies in this review being specifically based on retirement plans of surgeons [4] . Given the paucity of data on the recent retirement plans of surgeons in particular and the importance of this data for predicting the future of the surgical workforce, this study aims to identify the average age of retirement as well as major reasons why surgeons retire. This information can help to inform data on the overall outflow of surgeons from the workforce through retirement. With the surgeon shortage on the horizon, understanding why surgeons retire can serve as valuable fodder for future interventions to sustain our current workforce and to help inform future generations about retirement planning.
Methods
A list of possible survey questions was generated from interviews with young and senior practicing attending surgeons. Survey validity was assessed via a 30 minutes focus group session with three retired surgeons. After the survey was pilot-tested in a small group of 5 retired surgeons, we modified the survey questions based on their 
Results
From a total of 5876 surveys that were mailed, 462 envelopes were returned due to a change of address, 9 surgeons were medically unable to complete the questionnaire (as reported by their family members), and 123 surgeons had 
Demographics
The mean age of respondents was 79.0 ± 0.8 years, their mean age of retirement was 63.9 ± 0.1 years, and their mean interval since retirement was 15.2 ± 0.9 years. The vast majority (99.2%) of respondents were males. Most retired surgeons were in private practice (66.4%), with other practice environments including academic teaching hospital (12%), academic/private combination (11.3%), employment by community hospital or health system (6.4%), Veteran Affairs institution (2.7%), military hospital (1%), and Indian Health Service (0.09%).
Reasons for retirement
The most common reason for retirement was advancing age followed by personal health; increased outside interference; burnout; worsening malpractice environment; desire to pursue other interests and hobbies; spending more time with family; high call frequency; decreasing reimbursements; desire to retire "at top of the game"; fatigue, family member health issue; advent of Electronic Medical Records; financial stability; and institutional retirement age mandate ( Figure 1 
Discussion
The mean age of retirement reported in our nationwide survey was 63.9 years, which is consistent with findings of other studies [4] . The principle reason for retirement was advanced age followed by personal health.
Musculoskeletal (MSK) issues were the most common health reason our respondents chose to retire. This is line with other studies that have found a high prevalence of MSK disorders in surgeons [5] . It comes as no surprise that the physical demands of being a surgeon are often compared to those of highly physically demanding jobs such as coal miners, firefighters, and construction workers. Surgeons often spend extended hours standing in stationary positions completing repetitive movements. In one study by Szeto et al. [6] , researchers were able to measure the movements of surgeons intra-operatively with the use of biaxial inclinometer. They found that surgeons generally These positions in the operating room are thought to be the source of many MSK issues for surgeons. Evidence suggests that neck and back pain are the most common complaints among work-related MSK pathology [5, 7] .
Additionally, surgeons start experiencing MSK pain symptoms at ages as young as 35 [7] . The pain experienced by surgeons extends beyond the operative room-studies found that of those surgeons who report pain while operating, 41% endorse that this pain affects their relationships with other people and 50% said that the pain of operative interferes with sleep [8] . One study reported that surgeons experiencing MSK pain required a leave of absence, practice restriction, or even early retirement in 12% of cases [5] .The results of our study align with this conclusion.
Increased awareness of intraoperative ergonomic risks to surgeons had led to exploration of various protective interventions. One randomized control trial [9] compared physical performance and mental focus between two groups: one group participated in "microbreaks" during operations while the other group was the control arm.
Authors defined microbreaks as 1.5-2-minute exercises in the sterile field every 40 minutes while operating. The intervention was shown to significantly reduce pain reported in neck and shoulders and equally important, 34% of surgeons reported an increase in mental focus after the microbreak intervention. The success of this study is exemplified by the fact that 87% of participants hoped to implement microbreaks as standard practice in their institution. Other ergonomic interventions described include ergonomics devices (anti-fatigue floor mats and supportive furniture), ergonomically improved medical technology (alternative video displays for microsurgery), and personalized ergonomic assessment programs to educate surgeons on the importance of the neutral posture during operations [5, 10, 11] .
In addition to MSK-related occupational health problems, our study identified that outside interference, worsening malpractice environment, and burnout are three significant and potentially-modifiable factors for surgeon retirement.
In the recent era of healthcare reform, particularly from increased governmental influences, insurance companies, and hospital administration, many physicians perceive a decrease in their professional autonomy. Our findings are supported by similar evidence that suggests premature physician retirement is related to the job dissatisfaction resulting from this perceived reduced autonomy [4, 12] . Res 2019; 2 (3) : 159-169 DOI: 10.26502/jsr.10020033
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Surgical specialties have a high malpractice risk that increases with age [13] . Among surgeons, 80% are projected to face a malpractice claim by the age of 45 years, and 99% by the age of 65 years [13] . In line with existing evidence [4, 14] our study shows that many surgeons choose to retire when faced with increasing litigation risk and rising malpractice insurance premiums. In particular, the impact of physician burnout has serious negative career implications. Our survey revealed that surgeon burnout decreases the average retirement age by 4.6 years, which is in line with studies that have similarly evaluated the negative career implications of physician burnout [15] [16] [17] .
Excessive workload and increased bureaucracy were reported by our survey participants as the two most important causes for their burnout.
Similar to other studies [18] , we showed that academic surgeons reported the lowest incidence of burnout among different practice settings. Although we did not explore reasons for this significant finding, we believe that it is due to different workplace challenges faced by surgeons in academic vs. non-academic practice. In a survey of the American College of Surgeons membership in 2008, Balch et al. [19] showed that burnout risk factors may differ in academic vs. private practice surgeons. For academic surgeons, more nights on call and hours worked were factors strongly associated with burnout. In private practice, the strongest burnout factors were significant time spent for non-clinical activities and having incentive-based pay.
In our survey, burnout was reported the most by VA, military, and IHS surgeons. The reasons for these high burnout reports remains undetermined. Although there are no studies that have specifically explored surgeon burnout in these three practice settings, in a survey examining burnout profiles in all VA employees, Yanchus et al. [20] found the lack of personal accomplishments in the workplace to be the main driver of burnout.
Interventions for surgeon burnout must be multi-factorial in order to address the complex etiology of this issue. One meta-analysis identified a wide variety of burnout interventions at the individual physician level including: how to manage the stress of a medical practice with interpersonal and communication skills training, mindfulness-based meditation, and behavioral therapy [21] . West et al. [22] report that many of the studied interventions can reduce overall burnout by 10% and decrease feelings of emotional exhaustion and depersonalization. However, we believe that promoting surgeon well-being is a multi-faceted process that should be addressed not only by individual and the non-respondents. The wide distribution of our survey and representation of all states, various practice environments, and different surgical specialties helps mitigate non-response bias. Third, because our survey is national, we are unable to determine retirement factors related to geography and local practice culture and regulations. Last but not least, women are under-represented in this study, constituting only 1.2% of survey recipients and 0.8% of respondents. This is very important as female surgeons may face a different set of workplace and retirement challenges. For instance, in our study sexual harassment and gender discrimination were reported as retirement factors only by female surgeons. In our opinion the low female representation in our study is an illustration of the major gender gap that, while has historically persisted in surgery, it was more severe decades ago, when the current generation of retired surgeons was starting their training [23, 24] . This gender cap calls for research dedicated to exploring specific reasons on how and why female surgeons decide to retire.
These limitations notwithstanding, we believe our findings provide meaningful insights into factors that influence surgeon retirement decisions.
Conclusions
Our survey brings awareness to potentially-modifiable factors influencing surgeon retirement, such as occupational health problems, outside interference, worsening malpractice environment, and burnout. To prevent surgeon shortage greater attention should be focused on supporting surgeons adjust adequately to regulatory policy changes, improving surgeon well-being, and providing fair malpractice protection.
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